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r Refractive Index and Abbe's Number of Glass of 

f 

Lanthanum Borate System 
By 

Minora IMAOKA and Toshiko YAMAZAKI 
(Inst, of Industrial Science, Tokyo University, Chiba City) 

Abstract 

On the basis of previous studies of the glass formation range of borate systems and 
the relation of composition, refractive index and Abbe's number of borate glass, optical 
region of lanthanum borate glasses ou no-v diagram and its possible limit of high-refrac- 
tive and low dispersive side were investigated. These lanthanum borate glasses contained 
oxides of Ti, Zr, Th, Nb, Ta, W, Ba, and Al, and their glass formation range of 4- or 
5-component systems were studied. Then the refractive index and Abbe's number of lan- 
thanum borate glasses were measured and from their data and following equations the 
component factors were calculated. 

71/3=1. 445+2 , .a,+^ bixf 

i i 

-1)/(0.521 +£ Mi)«D 

"i> hi and X( are component factors and molar fraction of Mi tt O m . 

As a result, it has been proved that caluculated values show good agreement with 
experimental values. On the basis of this result, then, optical region was researched on 
nj)-v diagram. And the resulted limiting line of high refractive and low dispersive side 
passes every point of n D — 1.70, v=55; n D = l.8D t ^=50; « o -1.90, v—40 and n D =2.00, 
v=*35. Received August 29, 1961 
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Fig. 1. Glass formation range of B 2 0,-La a O,-ZrO,-TliO, system 
Ua 2 0 3 
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Fig. 2. Glass formation range of BA-LaA-ZrOj-TaA system 
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Fig. 4. Glass formation range of E^C-LatOj-ZrO,- 
ThO,-Ta s O, system. 
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Fig. 5. Comparison between theoritical and experimental glass formation range in 
B B O a -La,O a -TiO,-ZrO, system. 
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Fig- 7. Glass formation range of B.O.-La.O^A^O, 
system. 
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Fig. 8. Glass formation range of B.O.-U^-Al.OrTaA 
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system. 
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Composition (mol%) 



B 2 0 3 
47.9 
40.0 
40.8 
35.0 
B,0 3 
60.0 
50.0 
50.0 
40.0 
Bv0 3 
38.0 
39-1 
30.0 
B 2 0 3 
3G.4 
40.0 



40.0 

40.8 

32.6 

B,0 3 

45.0 

40.0 

47.8 

B 2 0 3 

45.5 

45.4 

B,0 3 

50.0 

40.0 

B 2 0 3 

40.0 

35.0 

33.3 



45.0 
46.4 
42.1 
BjO, 
60.0 
50.0 
66.7 
50.0 
36.3 
60.0 
50.0 
. 50.0 
B s 0 3 
40.0 
30.0 
40.0 
B 2 0 3 
45.0 
50.0 
BzOj 
30.0 
40.0 
30.0 

B,0 3 

40.0. 
42.8 
36.4 
BA 
55.0 
55.0 



21J.7 
25v0 
22\8 
20.0 
La 2 0 3 
25.0' 
10.0 
15.0 
15.0 

23.8 
21.7 
25.0 
La,0 : 
22.7 
25.0 

B 2 0 3 La a 0 3 TiOj WO, 
40.0 25.0 10.0 25.0 
25.0 25;0 10.0 
22.8 9.1 27.3 

20.7 31.1 15.6 
LajOj ZrO, ThO, 
10.0 20.0 25.0 1.816 
10.0 20.0 30.0 1.844 
14.3 19.1 23.8 1.840 

La 2 0 4 2r0 2 Nb,O s 
27.3 13.6 13.6 1.931 
27.3 18.2 9.1 1.906 
La 2 O a ZrOj Ta,0, 
25.0 15.0 10.0 1.873 
25.0 25.0 10.0 
LajOj ZrO s WO, 
25.0 15.0 20.0 
25.0 15.0 25.0 

23.8 14.3 28.6 
B20 3 La a 0 3 ThO* NbjO s 
40.0 15.0 30.0 15.0 1.967 

20.0 20.0 15.0 .1.955 
22.3 17.9 13.4 1.946 

10.5 31.6 15.8 1.936 
La,0 3 Th0 2 Ta,O s 

20.0 10.0 10.0 1.823 
25.0 10.0 15. 0; 

16.6 H.l 5.6 
20.0 20.0 10.0 
16.2 27.3 18.2 
20.0 15.0 5.0 
25.0 15.0 10.0 
20.0 15.0 15.0 
La : 0, ThO, WQa 
20. 0 10.0 30.0 
20.0 20.0 30.0 
15.0 20.0 25.0 

La 2 0 3 Nb 2 O s Ta 2 O s 
30.0 10.0 15.0 1.981 
30.0 10.0 10.0 1.939 
La,0 3 Nb,0, WO, 
25.0 15.0 30.0 2.004 
25,0 15.0 20.0 
25.0 20.0 25.0 
La*0 3 Ta 3 O s WO, 
25.0 10.0 25.0 
28.6 14.3 14.3 
28.6 9.5 25.5 
La,O a ThO, AI 2 0 3 . 
15.0 20.0 10.0 1.762 
20.0 15.0 10.0 1.779 



Exp. 
1.8510 
1.9135 
1.8982 
1.9443 



Dif. 
0.000 
0.007 
0.010 
0.006 



Tv0 2 ZrO, Cal. 
8.7 21.7 1.851 
20.0 15.0 1.921 
18.2 18.2 1.908 
30.0 15.0 1.950 

TiO, ThO, 

10.0 5.0 1.825 
20.0 20.0 1.848 
25.0 10.0 1.874 

35.0 10. 0 1.940 
TiO, NbsOj 

19.1 19.0 2.036 2.0167 0.019 
13.1 2.007 2.0109 -0.004 
25.0 2.108 2.0796 0.028 
Ta a O s 

9.1 1.998 1.9891 0.009 
1.977 1.9707 0.006 



26.1 
20.0 
. TiO, 
31.8 
25.0, 



10. 0 



1.901 
1.936 
1.890 
1.970 



1.8183 0.007 
1.8556 -0.008 
1.8737 0.000 
1.9489 -0.009 



Cal. 
37.2 
31.0 
31.7 
27.0 

40-0 
35.0 
30.2 
26.4 

24.2 
25.0 
21.5 

25.2 
27.2 



Exp. Dtf. 

32.0 -1.0 
31.5 0.2 



41.5 
34.4 
30.1 
27.0 

25.2 
24.3 



-1.5 
0.6 
0.1 

-0.6 

-1.0 
0.7 



1-9061 -0.005 31.3 

1.9402 -0.0O6 28.3 

1.8852 0.005 31.4 

1.9731 -0.003 25.2 



1.R178 -0.002 
1.8439 0.000 
1-8488 -0.009 



1.913 

1.874 
1.895 
1.899 



1 . 9215 
1:9078 

1.8720 
1.9082 

1.8694 
1.8898 
1.8950 



0.009 
•0.002 

0.001 
0.005 

0.005 
0.005 
O.0C4 



1.902 
1.772 
1.890 
1.985 
1.821 
1.899 
1.903 

1.876 
1.933 
1.886 



1.962 
2.023 

1.918 
1.929 
1.936 



1.9710 -0.004 
1.9466 0.008 
1.9414. 0.005 
1.9430 -0.007 

18172 0.006 
1.8905 0.011 
1.7797 -0.008 
1.8891 0.001 



1.9723 
1.8012 
1.8B89 
1.8979 

1.8755 
1.9314 



0.013 
.0.009 
0.0O9 
0.005 

0.000 
0.002 



1.8905 -0.005 



1.9594 
1.9253 

1.9976 
1 . 9555 
2.0019 



0.022 
0.014 

0.006 
0.006 
0.021 



1.9241 -0.006 
1.9289 0.000 
1.9441 -0.008 



43.1 
42.1 
42.5 

31.6 
34.3 

38:8 
36.6 

36.0 
34.8 
33.9 

31.3 
31.8 
33.0 
30.8 

41.5 
37.2 
46.2 
40.0 
34.4 
45.1 
41.0 
37.4 

35.4 
34.2 
35.8 

29.7 
31.6 

26.0 
28.0 
24.8 

32.S 
33.2 
32.0 



31.9 =0.5 

25.8 -0.6 

43.8 -0.7 
41.2 0.9 

41.9 0.6 



35.3 -1.0 

39.4 -0.6 
37.3 -0.7 



36.4 
33.4 
34.0 -0.1 



0.2 
1.4 



31.2 
32.5 
34.1 I 
31.0 -0.2 



0.1 

0.7 
1 



40.8 
38.7 
45.2 
40.7 
35.6 
45.7 
41.1 
37.7 



0.7 
-1.5 

1.0 
-0.7 
-1.2 
-0.6 
-0.1 
-0.3 



60.0 
55.0 



15.0 
10.0 



34.8 
33.9 

35.6 0.2 



0.6 
0.3 



27.0 -1.0 

28.5 -0.5 

25.2 -0.4 

33.2 -0.7 



1.7698 
1.7760 



-0.008 
0.003 



50.6 
50.8 



50.6 0.0 
51.1 -0.3 



0.009 
0.001 
0.028 



2.033 
1.959 

1.960 
1.935 



1.9596 
1.9989 
1.9533 

1.9527 
1.9233 



2.0150 
2.0216 



0.005 26.4 

0.010 25.1 

2.0222 -0.002 24.3 

0.025 23.0 



20.0 5.0 1.762 1.7665 -0.005 
25.0 10.0 1.750 1.7542 -0.004 
Compo sition Cmol%) n£> 
B,0, La s O, TiO, ZrO, Th,6 CaT "l^p. Dif. 
30.0 20.0 30.0 10.0 10.0 1.987 1.9921-0.005 
33.2 19.1 19.1 14.3 14.3 1.949 1.9560 
BjO, La,0 3 TiO, ZrO, NbjO, 
30.0 20.0 30.0 15.0 5.0 1.999 1.9904 
30.0 20.0 30.0 5.0 15.0. 2.058 2^0574 
30.0 30.0 10.0 10.0 20.0 2.060 2.0315 
BjO, La,0, TIO, ZrO, Ta,O s 
35.0 25.0 10.0 15.0 15.0 1.981 
30.0 30.0 20.0 5.0 15.0 
35.0 20.0 25.0 15.0 5.0 
BjO, La 3 O a TiO, ZrO, WO, 
30.0 20.0 25.0 10.0 15.0 
30.0 30.0 5.0 10,0 25.0 
B ; O s La a O, TiO, ThO, Nb f O, 
36.4 18.2 9.0 18.2 18.2 2.020 
33.4 19.0 19.0 14.3 14.3 2.032 
33.4 19.0 28.6 9.5 9.5 2.020 
33.3 22.2 16.7 5.6 22.2 2.070 2.0447 
BjO, La 2 Oj TiO, ThO, T*,0, 
30.0 10.0 20,0 30.0 10.0 2.026 
36.3 18.2 27.3 9.1 9.1 
33.3 19.1 9.5 23.8 14.3 

27.3 18.2 18.2 22.7 13.6 
B 3 0 3 La 2 Oa TiO, ThO, VV0 3 

26.4 21.0 31.6 10.5 10.5 
26.4 21.0 15.8 15.8 21.0 
30.0 20.0 10.0 20.0 20.0 
BjO, La 2 0, TiO, Nb.O, Ta,0 

34.3 18.8 28.2 14.1 4.6 2.047 2.0377 

36.4 27.3 22.7 4.5 9.1 2.012 
36.4 27.3 13.6 18.2 4.5 2.049 
B,0, La 2 0 3 TjO, Nb^O, WO a 

30.0 20.0 20.0 20.0 10.0 2.063 
27.3 27.3 9.0 18.2 18.2 
33.3 28.6 14.3 14.3 9.5 

33.3 19.1 28.6 9.5 9.5 
B,O s Laj0 3 TiO, Ta,O s WO, 
28.6 28.6 9.5 14.3 19.0 
34.8 26.1 17.4 13.0 8.7 
33.2 19.1 23.8 4.8 19.1 
B,0 % La,0 3 ZrO, ThO, Nb,O s 

39.1 17.4 21.7 17.4 4.4 1.900 

36.4 18.2 13.6 22.7 9.1 1.951 

30.0 10.0 15.0 35.0 10.0 1.950 
B,O s La ? o s ZrO, ThO, Ta 2 0, 

39.1 26.1 13.0 4.4 17^4 1.958 
9.5 

13.6 
13.6 
9.5 



50.6 
49.2 



51.8 
49.9 



-0.2 
-0.7 



Cal. Ex7?Dif. 
27.0 26.7 0.3 
•0.007 SO. 9 - — 



33.5 
22,0 
24.5 



0.021 29.5 

0.034 26.7 

0.0O6 27.4 

0.007 26.5 

0.012 31.9 



26.6 -2.1 

31.5 -2.0 
28.3 -1.6 



1.988 
2.003 
2.040 

2.012 
1.982 
1.967 



2.0240 
1.9835 
1.9968 
2.0369 

2.0089 
1.9802 
1.9650 



2.061 
2.025 
2.007 

2.011 
1.996 
1.961 



2.0078 
2.0290 

2.0632 
2.0390 
2.0175 
2.0072 

2.0067 
1.9883 
1.9647 

1.8954 
1.9431 
1.9499 



33.5 
30.5 
36.4 
33.3 



19.0 
17.4 
18.2 
9.5 



19.0 
26.1 
22.7 
33.3 



1.948 
1.980 
1.9S6 
1.913 



1.9470 
1.9441 
1.9720 
1.9517 



1.912 
1.886 
1.882 



19.0 
13.0 
9.1 
14.4 

B 2 0 3 La,O a ZrO a ThO, WO, 
31.8 18.2 13.6 18.2 18.2 
30.0 10.0 20.0 30,0 10.0 

30.0 10.0 5.0 25.0 30.0 
B t O, La,0, ZrO, Nb,0 6 Ta,0, 
36.4 27.3 9.1 13.6 13.6 2.026 

26.1 26.1 17.4 8.7 8.7 1.965 
BjO, La,O a ZrO, Nb 3 Oj W0 3 

20.0 30. 0 10.0 15.0 25.0 2.050 
B 3 0 3 La,0, ZrO, Ta,O t WO, 
23. B 28.6 14.3 1413 19.0 2.006 

36.1 27.2 9.1 18.2 9.1 1.968 
27.3 27.2 13.6 13.6 18.2 1.987 
B,0 3 La,0, ThO, Nb : O s Ta,O s 
30.0 10.0 35.0 15.0 10.0 2.024 2.0040 
33.3 19.0 28.6 4.8 14.3 2.014 
B,0, LajO, ThO, Nb,O s WO, 
30.0 10.0 30.0 15.0 15.0 1.975 



0.002 26.7 

0.004 26.5 

0.006 31.2 

0.003 28.1 

0.003 25.4 
0.002 28.8 
0.002 31.4 

0.009 21.6 
0.004 25.9 
0.020 24.2 

0.000 22.7 

0.022 23.7 

0.007 24.7 

0.000 23.2 

0.004 25.0 
0.008 27.4 
0.004 25. H 

0.005 38.8 
0.008 34.2 
0.000 32.5 

0.011 31.9 

0.004 36.5 

0.008 35.0 

0.004 3S.8 



29.5 -0.7 
31.3 0.1 



26.3 -0.4 
26.9 -2.7 



25.9 -1.2 
23.2 0.0 



26.4 -0.6 



35.2 -1.0 
32.9 -0.4 



1.9187 -O.O06 37.1 

1.9165 -0,005 36.2 
1.8833 0.003 37.4 
1.8900 -0.008 39.2 

1.9991 0.027 27.4 
1.9665 -0.002 31.2 



38.0 -1.5 
35.5 -0.5 

36.2 -0.4 
37.5 -0.4 

38.0 -1.8 

38.3 -0.9 



28.1 -0.7 
32.1 -0.9 



2.0396 0.010 25.7 26.2 -0.5 
30.1 0.5 



1.9963 
1 .9571 
1.9813 



0.010 30.6 
0.0U 31.8 
0.006 30.7 



30.7 0.0 



0.020 27.6 27.6 
0.011 32.4 - 



0.0 



2.0029 

1.9854 -O.010 27.9 28.4 -0.5 
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i 19.0 19.0 4.5 28.6 1.960 1 

> 19.0 23.8 14.3 14.3 2.022 2. 

i, La,0 3 ThO, Ta,0, WO, 

I 18.2 27.3 13.6 13.6 2.003 l 

i a La-O, Nb 2 O s Ta 2 O a WO, 

I 26.1 8.7 13.0 13.0 1.986 1 

I 30.0 10,0 5.0 25.0 2.003 1 

j La,Oj TiO, ThO, Al 3 Oj 

) 15.0 10.0 20.0 5.0 1.82B 1 

j La t O, ZrO, Ta,O s AljO, 

I 25.0 16.0 10.0 20.0 1.873 1 

I 25.0 15.0 10.0 10.0 1.373 1 

3 La 2 0, ThO a Ta 2 O s A1,0, 

) 20.0 15,0 16.0 20.0 1.904 1 

1 23.8 9.5 14.3 19.1 1.895 l 









Table 2. 


Component factors 


33.0 -1.1 








glasses. 








La,0, 


a 

1 .562 ' 


24.9 0.2 






TiO, 


0.655 


24.1 0.2 




ti 


ZrO, 


0.400 


25.8 -2.8 






ThO. 


0.570 








Nb,O s 


0.987 


27.3 -0.6 






Ta 2 O s 


0.833 


26.4 0.1 






WO, 


0.420 






V 


Al,0 3 


0.000 , 




1 


'3: 


fable 3. 


Comparison be twee 



by Izumitani and q 
Composition (£j %) 



U) 
(2) 
(3) 
(O 
(5) 

O) 
(V) 
(8) 
' (9) 
(10) 
(ID 

W J: ^ i 0) K VX® < r: to 



B,0, 


La,0 3 


Ta : O s 


ZrO ? 




20 


45 


30 


5 




53.5 


25.7 


13.2 


7.6 




20 


50 


25 


5 . 




53.1 


28.4 


10.9 


7.6 




20 


45 


25 


10 




50.9 


24.4 


10.4 


14.3 




25 


45 


25 


5 




60.1 


23.1 


9.9 


6.9 




30 


50 


15 


5 


1: 


65.2 


23.1 


5.5 


6.9 


li 


B,O s 


La,0 3 


Ta : O s 


ThO, 




20 


40 


35 


5 


1'; 


56.5 


24.3 


15.5 


3.7 


1: 


20 


35 


15 • 


30 


.i 


53.0 


20.9 


6.3 


19.8 


1 


20 


40 • 


20 


20 


1 


54.0 


23.2 


8.5 


14.3 


1 


19 


46 


25 


10 


1 


53.4 


27.7 


11.5 


7.5 


1 


18 


45 


30 


7 


i 


52.2 


. 27.9 


14.4 


5.5 




18 


37 


25 


20 


i 


50.9 


22.6 


11.0 


14.9 


1 
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50.6 
49.2 



51.8 
49.9 



-0.2 
-0.7 



1.7665 -0.005 
1.7542 -0.004 

1. Exp. Dif. C^r~E^p7lHf. 

17 1.9921 -0.00S 2&.0 26.7 0.3 

19 1.9560 -0.007 30.9 — - 

•9 1.9904 0.009 33:5 — — 

.8 2.0574 0.001 22.0 — -- 

50 2.0315 0.028 24.5 26.6 -2.1 

0 1.9596 0.021 29.5 31.5 -2.0 

13 1.9989 0.034 26.7 28.3 -1.6 

•9 1-9533 0.006 27.4 - - 

•0 1.9527 0.007 26.5 — - 

5 1.9233 0.012 31.9 33.0 -1.1 

:0 2.0150 0.005 26.4 — — 

12 2.0216 0.010 25.1 24.9 0.2 

0 2.0222 -0.002 24.3 24,1 0.2 

0 2.0447 0.025 23.0 25.8 -2.8 

6 2.0240 0.002 26.7 27.3 -0.6 
•8 1.9835 0.004 26.5 26.4 0.1 
3 1.9968 0.006 31.2 — — 
0 2.0369 0.003 28.1 - - 



2 2.0089 0.003 25.4 — 
2 1.9H02 0.002 28.8 29. S 
7 1.9650 0.002 31.4 31.3 



■0.7 
0.1 



7 2.0377 0.009 21.6 — — 

2 2.0078 0.004 25.9 26.3 -0.4 

3 2.0290 0.020 24.2 26.9 -2.7 

3 2.0632 0.000 22.7 — — 

I 2.0390 0.022 23.7 — ' — 

> 2.0175 0.007 24.7 25.9 -1.2 
1 2.0072 0.000 23.2 23.2 0.0 

I 2.0067 0.004 25.0 — — 

) 1.9883 0.008 27.4 — _ 

L 1.9647 U.004 25.8 26.4 -0.6 

) 1.8954 0.005 38.8 — — 

1.9431 0.008 34.2 35.2 -1.0 

> 1.9499 0.000 32.5 32.9 -0.4 

( 1.9470 . 0.011 31.9 — — 

: 1.9441 0.004 36.5 38.0 -1.5 

I 1.9720 0.008 35.0 35.5 -0.5 

i 1.9517 0.004 35.8 36.2 -6.4 

: 1.9187 -0.006 37.1 37.5 -0.4 



1.9165 -0.005 36.2 
1.8833 0.003 37.4 
1.8900 -0.008 39.2 



38.0 -1.8 
38.3 -0.9 



1.9991 0.027 27.4 28.1 -0.7 

1.9665 -0.002 31.2 32.1 -0.9 

2.0396 0.010 25.7 26.2 -0.5 

1.9963 0.010 30.6 30.1 0.5 

1.9571 0.011 31.8 — _ 

1.9813 0.006 30.7 30.7 0.0 

2.0040 0.020 27.6 27.6 0.0 

2.0O29 0.011 32.4 — - 

1.9854.-0.010 27.9 28.4 -0.5 
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28.6 19.0 
28.6 19.0 
BiO, La,Oj 
27.3 18.2 
B*O a La,0, 

39.2 26.1 
30.0 30.0 
BjO, La,O s 
50.0 15.0 
BjO, 1.3,0, 

•30.0 25.0 
40.0 25.0 
B,0, La 2 0 3 
30.0 20.0 

33.3 23.8 



19.0 4.5 28.6 1.960 
23.8 14.3 14.3 2.022 
ThO, Ta 5 0, WO, 
27.3 13.6 13.6 2.003 
Nb,O s Ta,O s WO, 

8.7 13.0 13.0 1.986 
10.0 5.0 25.0 2.003 
TIO, Th0 3 Ai,0, 
10.0 20.0 5.0 1.828 
ZrO, Ta t Oj AljO, 
15.0 10.0 20.0 1.873 
15.0 10.0 10.0 1.873 
ThOj Ta 2 O s Al 2 O a 
15.0 15.0 20.0 1.904 

9.5 14.3 19.1 1.895 



1.9598 0.000 31.2 31.9 -0.7 
2.0168 0.005 28.5 28.6 -0.1 



1.9958 0.007 32.4 31.7 0.7 



1.9684 0.018 28.7 30.2 -1.5 
1 .9963 0.007 27 .4 — — 



1.8247 0.003 39.0 - - 



1.8653 0.008 38.8 40.1 -l.S 
1.8688 0.004 38.8 39.3 -0.5 



1.8971 0.007 37.4 37.2 0.2 
1.8933 0.002 37.6 38.5 -0.9 



Table 2. Component factors of LajO, contained 
glasses. 



La a O, 

TiO, 

ZrO, 

ThOj 

Nb,0, 

Ta 5 O s 

WO, 

Al,O a 



1.562 
0.655 
0.400 
0.570 
0.987 
0.833 
0.420 
0.000 



b 

0.185 



ft 

0.107 
0.306 
0.100 
0.086 
0.421 
0.269 
0.168 
0.000 



Table 3. Comparison between experimental data 
by Izumitani and our calculations. 



Composition J) 



<1> 
<2) 
(3) 
<4) 
(5) 

(6) 
(7) 
(8) 
(9) 
(10) 
00 



B,0, 


La T O a 


Ta 2 Oj 


ZrO, 


20 


45 


30 


5 


53. S 


25.7 


13.2 


7.G 


20 


50 


25 


5 


53.1 


28.4 


10.9 


7.6 


20 


45 


25 


10 


50.9 


24.4 


10.4 


14.3 


25 


45 


25 


5 


60.1 


23,1 


9.9 


6.9 


30 


50 


15 


5 


65.2 


23.1 


5.5 


6.9 


B,0. 


La 2 O s 


Ta 2 O s 


ThO, 


20 


40 


35 


5 


56.5 


24.3 


15.5 


3.7 


20 


35 


15 


30 


53.0 


20.9 


6.3 


19.8 


20 


40 


20 


20 


54.0 


23.2 


6.5 


14.3 


19 


46 


25 


10 


53.4 


27.7 


11. S 


7.5 


16 


45 


30 


7 


52.2 


27.9 


14.4 


5.5 


18 


37 


25 


20 


50.9 


22.6 


11.0 


14.9 



(St) 

1.8760 
1.873 

1.8737 
1.869 

1 .8767 
1.668 

1.8349 
1.825 

1.7997 
1.786 



1.8699 
1.876 

1.8631 
1.871 



0.003 
0.005 
0.009 
0.010 
0.014 

-0.006 
-0.008 



/F.xp.\ 
VCal. J 

39.4 
37.8 

40.7 
38.9 



18637 0 006 
1.870 ~ 0 - 006 



1 .8744 
1 .8815 

1.8862 
1.8965 



-0.007 
-0.010 



i- 8834 -0 009 
1.892 u '°^ 



41.6 
41.0 
45.7 
44.9 



38.0 

43.0 
42.2 
41.5 
41.4 
39.4 



40.9 
39.2 



1.6 
1.8 



0.6 
0.8 



0.7 
2.0 
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system. 
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system. 
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system. 
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Fig. 16. Glass formation range of BtOt-LaiC^- 
AUO.-ThOa-TajOj system. 
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Melting in platinum crucible. 

Measurements of refractive index by Pulfrich refractometer. 
Reference: 

Imaoka M. and Yamazaki T. f J.Ceram.AssocJpn, 1962, vol. 70, No. 5, p. 115. 



Mol.% by batch 



GNo 


B 2 0 3 


La 2 0 3 


Ti0 2 


Zr0 2 


Th0 2 


Nb 2 0 5 


Ta 2 0 5 


wo 3 


Al 2 0 3 




V 


146372 


24.21 


51.33 


5.05 


19.41 


- 


- 


- 


- 


- 


1.851 


- 


146373 


19.37 


56.66 


11.11 


12.86 


- 


- 


- 


- 


- 


1.9135 


32 


146374 


20.34 


53.19 


10.41 


16.06 


- 


- 


- 


- 


- 


1.8982 


31.5 


146375 


18.46 


49.37 


18.16 


14.01 


- 


- 


- 


- 


- 


1.9443 


- 


146376 


28.93 


56.4 


5.53 


- 


9.14 


- 


- 


- 


- 


1.8183 


41.5 


146377 


25.56 


23.93 


11.73 


- 


38.78 


- 


- 


- 


- 


1.8556 


34.4 


146378 


26.77 


37.58 


15.35 


- 


20.3 


- 


- 


- 


- 


1.8737 


30.1 


146379 


21.24 


37.28 


21.33 


- 


20.14 


- 


- 


- 


- 


1.9489 


27 


146380 


15.58 


45.68 


8.99 


- 


- 


29.75 


- 


- 


- 


2.0167 


25.2 


146381 


17.72 


46.03 


13.57 


- 


- 


22.67 


- 


- 


- 


2.0109 


24.3 


146382 


11.3 


44.08 


8.65 


- 


- 


35.97 


- 


- 


- 


2.0796 


- 


146383 


15.37 


44.85 


15.4 


- 


- 


- 


24.38 


- 


- 


1.9891 


'- 


146384 


16.05 


46.96 


11.51 


- 


- 


- 


25.48 


- 


- 


1.9707 


- 


146385 


15.89 


46.48 


4.56 


- 


- 


- 


- 


33.07 


- 


1.9061 


- 


146386 


18.27 


53.43 


13.1 


- 


- 


- 


- 


15.21 


- 


1.9402 


- 


146387 


16.4 


42.88 


4.2 


- 


- 


- 


- 


36.53 


- 


1.8852 


31.9 


146388 


15.02 


44.62 


16.44 


- 


- 


- 


- 


23.93 


- 


1.9731 


25.8 


146389 


20.27 


21.08 


- 


15.94 


42.71 


- 


- 


- 


- 


1.8178 


43.8 


146390 


16.95 


19.83 


- 


15. 


48.22 


- 


- 


- 


- 


1.8439 


41.2 


146391 


20.02 


28.03 


- 


14.16 


37.8 


- 


- 


- 


- 


1.8488 


41.9 


146392 


18.25 


51.26 


- 


9.66 


- 


20.83 


- 


- 


- 


1.9215 


- 


146393 


18.91 


53.21 
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